To estimate the interrater and intrarater reliability of endometriosis diagnosis and severity of disease among gynecologic surgeons viewing operative digital images.
sification bias of endometriosis status among gynecologists threatens our ability to better understand the etiology and clinical management of the disease.
Although endometriosis classification systems have been used for decades, [4] [5] [6] few studies have evaluated the interrater and intrarater reliability of endometriosis diagnosis based on the revised American Fertility Society criteria [7] [8] [9] or the revised American Society for Reproductive Medicine (ASRM) criteria. 10 Limitations of prior studies include restricting the population under review to women previously diagnosed with endometriosis, 8, 9 small numbers of assessments per rater, 7, 8, 10 and restricting assessors to either one hospital [7] [8] [9] or nonexperts. 10 Variability in the prevalence of diagnosed endometriosis in different clinical samples or study populations including its presence in asymptomatic women 11, 12 emphasizes the importance of a reliable assessment blind to prior clinical history and conducted on a population-based sample. Conducting such an assessment is important for evaluating the prudence of multisite studies or the compilation of endometriosis data across clinical centers and also for understanding the adequacy of current staging systems. The primary purpose of this study is to estimate the interrater and intrarater reliability of the diagnosis and staging of endometriosis among experienced gynecologic surgeons practicing in a variety of clinical centers after viewing operative digital images for the women participating in the Endometriosis: Natural History, Diagnosis and Outcomes study.
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MATERIALS AND METHODS
A random sample of women was selected for study from the larger Endometriosis: Natural History, Diagnosis and Outcomes study for the specific aim of conducting a reliability study. Briefly, the study used a matched exposure cohort design to assess environmental chemicals and lifestyle behaviors associated with endometriosis in two study cohorts: operative and population. 12 Endometriosis: Natural History, Diagnosis and Outcomes study operative participants comprised currently menstruating women, aged 18 -44 years, undergoing laparoscopy or laparotomy (irrespective of indication) at one of 14 surgical sites in California or Utah, 2007 Utah, -2009 . Women with prevalent disease were excluded.
For purposes of this reliability study, we restricted to the Utah research sites given that these enrolled 87% of study participants and relied on the operative cohort in which the gold standard of disease visualization could be clinically determined. 1, 2 Laparoscopy alone is the current standard for the diagnosis of endometriosis and, by default, the visually defined revised ASRM staging. [13] [14] [15] A random sample of women (nϭ148 [36%]) was selected after stratifying on a postoperative diagnosis of endometriosis (yes or no). Of the 111 women with a postoperative diagnosis of endometriosis, 72 (65%) underwent a histologic evaluation for which 44 (61%) were histologically confirmed.
Surgeries were performed across various operating suites with a variety of equipment available for recording video or still images. Operating surgeons were instructed to take intraoperative photographs to document endometriosis or other gynecologic pathology using digital cameras attached to laparoscopes regardless of whether the woman was undergoing a laparoscopy or laparotomy. Specifically, surgeons were asked to photograph panoramic anterior and posterior views of the uterus and adnexal structures. Because there was a spectrum of image quality, Endometriosis: Natural History, Diagnosis and Outcomes staff and investigators reviewed all images for quality and rated the images as good or poor. Confirmation of image quality and selection was finalized by the Utah Endometriosis: Natural History, Diagnosis and Outcomes principal investigators (C.M.P., J.B.S.).
Using a block randomization approach, we selected 148 women from the Utah operative cohort using the following stratification scheme: 105 women with a postoperative diagnosis of endometriosis and 43 women without a postoperative diagnosis of endometriosis. This stratification scheme was developed a priori to ensure the study had greater than 99% and greater than 85% statistical power for testing interrater reliability for the presence or absence of endometriosis and staging (between I-II and III-IV), respectively. Power calculations were based on an ␣ 0.05 and other assumptions as derived from the literature. 7 Poor images (nϭ17) were intentionally included in our random sample to reflect a representative surgical cohort. Additionally, we did not wish to introduce selection bias by restricting our study sample to only women with good images, evidenced by the fact that within the entire Utah operative cohort (nϭ412), 52% of women with an endometriosis diagnosis had goodquality images, whereas 21% of women without an endometriosis diagnosis had good-quality images.
Four academic expert surgeons and four local, specialized expert (ie, fellowship-trained) surgeons, determined a priori by Endometriosis: Natural History, Diagnosis and Outcomes study principal investigators, were recruited for the study. As a result of the extensive nature of the review, surgeons were not randomly selected for study recruitment. University affiliation was not a selection criterion. Academic expert surgeons included physicians from a variety of North American centers who direct specialized training programs in laparoscopic gynecologic surgery and who have extensive clinical and research experience in diagnosing and treating endometriosis. Local specialized expert surgeons included Utah physicians practicing in a variety of clinical centers with special surgical training and expertise in the diagnosis and treatment of endometriosis and in the training of residents and fellows. The University of Utah institutional review board approved this study and all physicians signed an informed consent document before being given access to the online review system. Raters were remunerated equally for their time and effort in completing ratings.
Endometriosis: Natural History, Diagnosis and Outcomes staff and investigators prepared anonymous digital images free of all clinical information using a standardized format designed to minimize rater fatigue and improve ease of use. The images were delivered to the clinical raters through an online system, which presented images one at a time per woman. The raters were asked to rate the image as poor, fair, good, or unable to assess. The raters were then asked to determine endometriosis status as follows: no endometriosis observed, stage I (minimal), stage II (mild), stage III (moderate), stage IV (severe), or indeterminate if unable to diagnose with reasonable accuracy. Before beginning their ratings, participating surgeons were asked to review the revised ASRM criteria for the staging of endometriosis. 6 If the rater determined that endometriosis was present, they were also asked to complete a checklist for the following specific findings corresponding to the specific revised ASRM criteria: location of lesions, size of lesions, status of the posterior cul de sac, and the location and types of adhesions (with an option for not applicable). To avoid viewer fatigue, the online review system did not allow more than 90 minutes at a sitting.
Three outcomes were derived from each expert's rating: 1) a binary indicator of whether the rater reported endometriosis as present or absent; 2) the rater's categorization of endometriosis staging; and 3) the computer-assisted staging based on the expert's checklist of findings and the revised ASRM algorithm. 6 Descriptive statistics were calculated to summarize rater characteristics by rater type, expert compared with local gynecologic surgeons. Interrater agreement for the clinical diagnosis of endometriosis was evaluated by statistics. 16, 17 The statistic summarizes the rating data into a contingency table, quantifying the proportion of chance-correct agreement relative to the maximum possible proportion of agreement beyond chance. If the raters are in complete (perfect) agreement, ϭ1. When equals 0, the agreement is no better than what would be obtained by chance alone. For our reliability analyses, we used Landis and Koch's 18 guidelines for interpreting statistics: between 0.00 and 0.20 indicated slight agreement; between 0.21 and 0.40 denoted fair agreement; between 0.41 and 0.60 characterized moderate agreement; between 0.61 and 0.80 defined substantial agreementl and a value of greater than 0.80 equated to almost perfect agreement. For binary outcomes (eg, presence or absence of endometriosis), we computed pairwise agreement using Cohen's and multirater agreement using Fleiss' multirater . For ordinal outcomes (eg, staging of endometriosis), we computed pairwise agreement using Cohen's weighted with squared weights and multirater agreement using Fleiss' multirater . For continuous outcome (ie, revised ASRM score), we constructed pairwise Bland-Altman plots 19 to visualize the agreement between any two raters and to assess whether differences between reviewers varied in a systematic way over the range of revised ASRM scores. Point estimates of and their 95% confidence intervals (CIs) were estimated. For each , the P value was calculated from the one-sided Wald test with null hypothesis ϭ0.40 compared with alternative hypothesis ϭ0.75. If a woman had an "indeterminate" diagnosis for endometriosis, that woman was excluded from the final data analysis under the assumption of data being missing at random. Analyses were performed in R 2.13.1 and SAS 9.2.
RESULTS
Eight raters (four academic expert and four local, specialized expert gynecologic surgeons) assessed images during the summer of 2010. Although fellowship trainings were similar for both groups of raters, the academic expert surgeons had practiced nearly three times the number of years since their fellowship (median 15.0, interquartile range 15.0 -21.0, range 15-21 years) compared with the local, specialized expert surgeons (median 5.0, interquartile range 3.5-12.5, range 2-20 years). Academic expert surgeons also had more experience authoring, teaching, and serving as principal or coinvestigator of funded studies addressing endometriosis compared with local, specialized expert surgeons. Neither the number of patients with endometriosis seen per week nor the number of laparoscopies performed per month substantially differed between the rater groups. Although there were no significant differences between groups in regard to age, race, marital status, income, and primary reason for surgery, women with an endometriosis diagnosis were less likely to previously been pregnant (Pϭ.002) or have had a live birth (PϽ.001) compared with women without an endometriosis diagnosis (Table 1) . Among the 148 women, 121 (82%) had only digital photographs, three (2%) had only digital video images, and 24 (16%) had both digital photographs and video images. The eight raters determined that among the 148 women with images, 38% of the women had good operative images, 40% had fair operative images, 17% had poor operative images, and 6% had images unable to be assessed.
Endometriosis diagnosis was reported for approximately 66% of women with little variation by type of rater, ie, 65% among academic expert and 66% among local, specialized expert surgeons. In contrast, the distribution of revised ASRM severity varied by type of rater. Specifically, academic expert surgeons rated a lower incidence of stage II-IV (58% as stage I, 24% as stage II, 10% as stage III, and 8% as stage IV) compared with local, specialized expert surgeons (47% as stage I, 28% as stage II, 16% as stage III, and 10% as stage IV).
As can be seen in Table 2 , the interrater reliability for the diagnosis of endometriosis (present or absent) among the raters based on digital images ranged from 0.47 to 0.86 with an overall Fleiss' multirater of 0.69 (95% CI 0.64 -0.74). The academic expert surgeons had substantial interrater reliability (Fleiss' ϭ0.79, 95% CI 0.70 -0.88) compared with the local, specialized expert surgeons who had moderate agreement (Fleiss ϭ0.58, 95% CI 0.50 -0.66).
Surgeons agreed on revised ASRM endometriosis staging criteria in a majority of cases (mean 61%, range 52-75%) with moderate interrater reliability when based on experienced assessment (Fleiss ϭ0.44, 95% CI 0.41-0.47, range 0.58 -0.83) ( Table  3) or when derived from the computer-assisted revised ASRM algorithm based on the reviewers' checklist of findings (Fleiss ϭ0.45, 95% CI 0.42-0.48, range 0.55-0.80) ( Table 4 ). The academic expert surgeons had moderate agreement (Fleiss ϭ0.44, 95% CI 0.39 -0.49) for staging of endometriosis after experienced assessment as did the local, specialized expert surgeons (Fleiss ϭ0.39, 95% CI 0.34 -0.43). A similar, albeit slightly higher, pattern was observed for computer-assisted staging for both groups of raters as evident by completely overlapping CIs (ie, expert surgeons had ϭ0.46; 95% CI 0.40 -0.51 and local surgeons had ϭ0.45; 95% CI 0.40 -0.51). The vast majority of interrater pairwise comparisons reached statistical significance for a preset hypothesis of ϭ0.75 compared with the null hypothesis of ϭ0.40, suggesting a relatively substantial degree of agreement among the physicians in diagnosing endometriosis (Tables 2-4) .
We repeated the interrater reliability analyses after excluding women with poor digital image quality determined a priori by the Utah Endometriosis: Natural History, Diagnosis and Outcomes study's principal investigators (nϭ17) and observed similar levels of agreement for endometriosis diagnosis (Fleiss' ϭ0.71, 95% CI 0.66 -0.76), rater-based staging of endometriosis (Fleiss' ϭ0.45, 95% CI 0.41-0.48), and computer-assisted staging of endometriosis (Fleiss' ϭ0.45, 95% CI 0.41-0.48). Similar levels of agreement were found after excluding women with poor digital image quality as determined by the eight expert raters (nϭ50) for endometriosis diagnosis (Fleiss' ϭ0.69, 95% CI 0.64 -0.74) and rater-based staging of endometriosis (Fleiss' ϭ0.42, 95% CI 0.39 -0.45); however, computer-assisted staging of endometriosis dropped from moderate to fair (Fleiss' ϭ0.27, 95% CI 0.22-0.32).
Intrarater agreement for staging based on clinical expert assessment compared with computer-assisted staging was high among all raters with an average of approximately 90% of women identically classified (range 83-97%) and almost perfect agreement (mean weighted ϭ0.95, range 0.89 -0.99). The ranges were similar irrespective of type of rater, ie, weighted ranges from 0.92 to 0.98 for academic experts and 0.89 to 0.99 for local, specialized expert surgeons.
The agreement between the raters' and computerassisted staging as depicted in Bland-Altman plots 19 is shown in Figures 1 and 2 for local and expert surgeons, respectively. There was little indication of bias between raters as evidenced by the inclusion of 0 in the 95% CI for the majority of differences for endometriosis total scores. Among all pairwise plots, divergence in differences for endometriosis total scores was found with increasing revised ASRM scores, noticeably after a score of 20. Limits of agreement between any two raters ranged from 38 fertility, and associated symptoms are in an active state of transformation. 20 -24 For example, a novel pathophysiological-based, functionally focused classification system in development is the endometriosis fertility index for predicting pregnancy. 21, 24 The optimal system will likely include biomarkers, novel imaging modalities, assessment of anatomic functionality, and outcome measurements to accurately prognosticate pain, quality of life, long-term outcomes as well as the effects of new interventions. The information provided by this study serves as a basis for comparison as new scoring systems are developed.
Our study had several major strengths including the use of a heterogeneous sample of women for review and an adequate number of blinded assessments among physicians with varying degrees of experience. Nevertheless, the study had several limitations including variable digital format and quality of surgical visualization documentation. Although not ideal, by design, we did not interfere with clinical practice for this observational cohort but rather captured endometriosis as it was being currently diagnosed. Additionally, although we purposely chose reviewers who were academic expert surgeons with fellowship training and current practices in a variety of North American centers, our local, specialized expert surgeons were restricted to a relatively small geographical area, limiting generalizability to other less experienced surgeons practicing at other localities. Finally, because the revised ASRM scoring system does not allow a detailed analysis of the extent of invasive disease that is only accomplished after dissection, our study did not attempt to study newer systems for the staging of invasive disease. In summary, the reliability of endometriosis diagnosis was substantial and moderate for staging of disease. The slightly higher agreement of computerassisted compared with intuitive staging suggests that future studies on endometriosis may choose to use checklists to improve reliability between reviewers. These findings may provide reassurance for gynecologists who depend on images of apparent endometriosis from women receiving care from a variety of health care practitioners and researchers may infer that studies incorporating multiple sites reviewed by expert surgeons should have a good degree of agreement. It remains to be demonstrated whether additional clinical data (operative reports, histopathology, or primary surgeon interpretation) improves reliability. The data obtained in this study, using current metrics, suggest that endometriosis diagnosis is reliable and staging has room to improve. How the staging of disease burden correlates with multiple clinical outcomes, however, remains to be developed. The ability to maintain reliability in the diagnosis and improve the staging of endometriosis using origin and natural history as well as functional outcomes will be critical to meaningful clinical research assessments that will result in future improved outcomes.
